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What is claimed is: 


1. A method for repairing 
comprising : 


pattern using a laser 


a step of using laser light /emitted from a Q-switched 
mode-locked pulse laser as laser l^_ght to be applied for repair 
processing . 



2. The method for repairing the pattern using the laser 
according to Claim 1, wherein/a pulse width of said laser light 

/ ... r . r, 

to be applied for said repair processing is in a range of 10 
picoseconds to 300 picoseconds. 


*3. A method for/ repairing a pattern using a laser 
comprising : 

a step of slicing a/single laser pulse or multi-laser pulses 
from a string of pulse's making up laser light emitted from a 
Q-switched mode-locked pulse laser by using an optical modulator 
and using said laser l/ght having said sliced single pulse or said 
sliced multi-laser pplses as laser light to be applied for repair 
processing. 


4 . The method for repairing the pattern using the laser 
according to Claim 3, wherein a pulse width of said laser light 
to be applied Jot said repair processing is in a range of 10 
picoseconds to/ 300 picoseconds. 


5. The method for repairing the pattern using the laser 
according to/Claim 3, wherein the number of said multi-laser pulses 


to be sliced from said laser light emitted from said Q-,switched 


mode-locked pulse laser and time to start slicing saidmulti-laser 
pulses to obtain a first pulse are able to be set in an arbitrary 
manner . 



/ 

6. A method for repairing a pattern using a laser 
comprising : 

a step of slicing a single laser raise or multi-laser pulses 

/ 

from a string of pulses making up /laser light emitted from a 
Q-switched mode-locked pulse lasei^by using an optical modulator; 
and 

a step of directly ampli/fying said laser light having said 
sliced single laser pulse said sliced multi-laser pulses by 
using an optical amplifier and using said amplified laser light 
as laser light to be applied for repair processing. 


7. The methbd for repairing the pattern using the laser 

according to Clain/e, wherein a pulse width of said laser light 

/ 

to be applied for said repair processing is in a range of 10 
/ 

picoseconds to f 300 picoseconds. 

/ 

8. ^ The method for repairing the pattern using the laser 
according^to Claim 6, wherein the number of said multi-laser pulses 
to be sjLiced from said laser light emitted from said Q-switched 

/ 

mode-zlocked pulse laser and time to start slicing said multi-laser 

/ 

pulses to obtain a first pulse are able to be set in an arbitrary 
manner. 


v 9. 


A method for repairing a pattern using a laser 
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2 comprising: 

3 a step of slicing a single laser pulse or multi-lasajf pulses 

4 from a string of pulses making up laser light emitted from a 

5 Q-switched mode-locked pulse laser using an optional modulator; 

6 and 

7 a step of multiplexing one laser light having a first laser 

8 pulse obtained by splitting said single/laser pulse or said 

9 multi-laser pulses and an other laser light having a second laser 

10 pulse obtained by splitting said single laser pulse or said 

11 multi-laser pulses and by providing/time delay to said second laser 

/ 

12 pulse into one laser light and using said multiplexed laser light 

13 as laser light to be applied/for repair processing. 

1 
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4 
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10. The method for repairing the pattern using the laser 
according to Claim 9-j^herein a pulse width of said laser light 
to be applied for j^aid repair processing is in a range of 10 
picoseconds to 300' picoseconds. 

/ 


11. Ttfe method for repairing the pattern using the laser 
according to/ciaim 10, wherein said time delay between said first 

laser puls'e and said second laser pulse is in a range of 0.1 

/ 

nanoseconds to 9 nanoseconds- 

/ 

12. The method for repairing the pattern using the laser 
according to Claim 9/ wherein the number of said multi-laser pulses 
tp be sliced from said laser light emitted from said Q-switched 

/mode-locked pulse laser and time to start slicing said multi-laser 

/ 

/ pulses to obtain a first pulse are able to be set in an arbitrary 
manner . 


41 / 

1 ^13. A method for repairing a pattern using a leaser 

2 comprising: / 

3 a step of slicing a single laser pulse or multi-l^ser pulses 

4 from a string of pulses making up laser light emitted from a 

5 Q-switched mode-locked pulse laser using an optical modulator; 

6 a step of multiplexing one laser light having a first laser 

7 pulse obtained by splitting said single^laser pulse or said 

/ 

8 multi-laser pulses and an other laser^ight having a second laser 

9 pulse obtained by splitting said^single laser pulse or said 

10 multi-laser pulses and by providing time delay to said second laser 

11 pulse into one laser light; and 

12 a step of directly amplifying said multiplexed laser light 

7 

13 by using an optical amplifier and using said amplified laser light 

14 as laser light to be applied for repair processing. 

1 14. The m^t^hod^for repairing the pattern using the laser 

2 according to Claim 13, wherein a pulse width of said laser light 

3 to be applied/for said repair processing is in a range of 10 

/ 

4 picoseconds/to 300 picoseconds. 

/ 

/ 

1 15'. The method for repairing the pattern using the laser 

/ 

2 according to Claim 13, wherein said time delay between said first 

3 laser pulse and said second laser pulse is in a range of 0.1 

/ 

4 nanoseconds to 10 nanoseconds. 

1 / 16. The method for repairing the pattern using the laser 

21 according to Claim 13, wherein the number of saidmulti-laser pulses 

/3 to be sliced from said laser light emitted from said Q-switched 
4 mode-locked pulse laser and time to start slicing said multi-laser 


* • / 
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5 pulses to obtain a first pulse are able to be set in ap^arbitrary 

6 manner. f 

1 w 17. A method for repairing a oaxtern using a laser 

2 comprising: / 

3 a step of slicing a single lase>r pulse or multi-laser pulses 

4 from a string of pulses making/up laser light emitted from a 

5 Q-switched mode-locked pulse/Laser using an optical modulator; 

6 and / 

1 a step of converting a wavelength of laser light having said 

8 sliced single pulse oi/said sliced multi-laser pulses to produce 

9 harmonic light and /using said harmonic light as laser light to 
10 be applied for Repair processing. 

18. The method for repairing the^j^^ the laser 

2 according to Claim lTS^wlj^^^apulse width of said laser light 

3 to be applied^ftyfsaid repair processing is in a range of 10 

4 pico>et?onds to 300 picoseconds. 

1 19. The method for repair/ng the pattern using the laser 

2 according to Claim 17 , wherein the/number of s aid multi -laser pulses 

3 to be sliced from said laser light emitted from said Q-switched 

4 mode-locked pulse laser and ti<me to start slicing said multi-laser 

5 pulses to obtain a first pul/e are able to be set in an arbitrary 

6 manner. / 

1 ~20. A method for repairing a pattern using a laser 

2 comprising: / 

3 a step of slicing a single laser pulse or multi-laser pulses 

/ 
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4 from a string of pulses making up laser light emitted f^bm a 

5 Q-switched mode-locked pulse laser using an optical mpaulator; 

6 a step of multiplexing one laser light having a/rirst laser 

7 pulse obtained by splitting said single laser/ pulse or said 

8 multi-laser pulses and an other laser light haan_ng a second laser 

9 pulse obtained by splitting said single/laser pulse or said 

10 multi-laser pulses and by providing timeydelay to said second laser 

11 pulse into one laser light; and 

12 a step of converting a wavelength of said multiplexed laser 

13 light to produce harmonic light'and using said harmonic light as 

14 laser light to be applied f^nc repair processing. 



1 21. The method /for repairing the pattern using the laser 


» 2 according to Claim 2 0£ wherein a pulse width of said laser light 

! !sa 5 / 

3 to be applied foresaid repair processing is in a range of 10 

ni / 

: | 4 picoseconds to ^00 picoseconds. 

I / 

1 22. / The method for repairing the pattern using the laser 

2 according to Claim 20, wherein said time delay between said first 

3 laser pulse and said second laser pulse is in a range of 0.1 

4 nanoseconds to 10 nanoseconds. 

/ 

/ 

/ 

1 jf 23. The method for repairing the pattern using the laser 

2 according toClaim20, wherein the number of said mult i -laser pulses 

3 -to be sliced from said laser light emitted from said Q-switched 

4 mode-locked pulse laser and time to start slicing said multi-laser 

5 pulses to obtain a first pulse are able to be set in an arbitrary 

6 manner. 


• # 
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1 "24. A method for repairing a pattern using a /aser 

2 comprising: 

3 a step of slicing a single laser pulse or multi-laser pulses 

4 from a string of pulses making up laser light^emitted from a 

5 Q-switched mode-locked pulse laser using an optical modulator; 


6 a step of directly amplifying laser light having said sliced 

/' 

7 single laser pulse or said sliced multi^-laser pulses using an 

8 optical amplifier; and 

9 a step of converting a wavelength of said amplified laser 


10 light to produce harmonic light arid using said harmonic light as 

11 laser light to be applied for/repair processing. 

1 25. The method f or/repairing the pattern using the laser 

2 according to Claim 24, wtierein a pulse width of said laser light 


3 to be applied for saiti repair processing is in a range of 10 

/ 

4 picoseconds to 300 ^picoseconds . 


1 26. The/method for repairing the pattern using the laser 

2 according to Cl^aim2 4 , wherein the number of s aid multi -laser pulses 

3 to be sliced^from said laser light emitted from said Q-switched 

/ 

4 mode-locked pulse laser and time to start slicing said multi-laser 

/ 

5 pulses to obtain a first pulse are able to be set in an arbitrary 

6 manner/ 

Y 

/ 

1 / ^27. A method for repairing a pattern using a laser 

0 / . . 

2 comprising: 

3 / a step of slicing a single laser pulse or multi-laser pulses 


4/ from a string of pulses making up laser light emitted from a 
5 Q-switched mode-locked pulse laser using an optical modulator; 
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6 a step of multiplexing one laser light having a fir^u laser 

7 pulse obtained by splitting said single laser puLse or said 

8 multi-laser pulses and an other laser light having/a second laser 

9 pulse obtained by splitting said single la^er pulse or said 

10 multi-laser pulses and by providing time delay to said second laser 

11 pulse into one laser light; 

12 a step of directly amplifying sai/d multiplexed laser light 

13 by using an optical amplifier; and, 

14 a step of converting a wavelength of said amplified laser 

15 light to produce harmonic light/and using said harmonic light as 

16 laser light to be applied fpr^ repair processing. 


1 

2 
3 
4 


28. The method for repairing the pattern using the laser 
according to Claim 27,/wherein a pulse width of said laser light 
to be applied for^s'aid repair processing is in a range of 10 
picoseconds to 30*0 picoseconds. 


1 

2 
3 
4 

1 
2 
3 
4 
5 
6 


29. The method for repairing the pattern using the laser 
according to Claim 27, wherein said time delay between said first 
laser puls^ and said second laser pulse is in a range of 0.1 
nanoseconds to 10 nanoseconds. 



The method for repairing the pattern using the laser 
according to Claim 27 , wherein the number of saidmulti-laser pulses 
to be sliced from said laser light emitted from said Q-switched 
/mode-locked pulse laser and time to start slicing saidmulti-laser 
pulses to obtain a first pulse are able to be set in an arbitrary 
manner . 
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1 31. A method for repairing a pattern using ar laser 

2 comprising: X 

3 a step of slicing a single laser pulse or multi^laser pulses 

4 from a string of pulses making up laser ligh^ emitted from a 

5 Q-switched mode-locked pulse laser using an/optical modulator; 

6 a step of directly amplifying laser light having said sliced 

7 single laser pulse or sliced multi-laser/pulse by using an optical 

8 amplifier; / 

9 a step of multiplexing one amplified laser light having a 

10 first laser pulse obtained by splitting said single laser pulse 

11 or saidmulti-laser pulses anclan other amplified laser light having 

/ 

12 a second laser pulse obtained by splitting said single laser pulse 

13 or said multi-laser puls'es and by providing time delay to said 

14 second laser pulse int 7 o one laser light; 

15 a step of directly amplifying said multiplexed laser light 

16 by using an optical amplifier; and 

/ 

17 a step of /converting a wavelength of said amplified laser 

18 light to produce harmonic light and using said harmonic light as 

/ 

19 laser light/to be applied for repair processing. 

/ 

f 

1 32^' The method for repairing the pattern using the laser 

2 according to Claim 31, wherein a pulse width of said laser light 

3 to be^ applied for said repair processing is in a range of 10 

4 picoseconds to 300 picoseconds. 

/ 

1 ' 33. The method for repairing the pattern using the laser 

2 according to Claim 31, wherein said time delay between said first 

3 laser pulse and said second laser pulse is in a range of 0.1 

4 nanoseconds to 10 nanoseconds. 
5 
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1 34. The method for repairing the pattern using the/laser 

2 according to Claim 31, wherein the number of said mult i-las'er pulses 

3 to be sliced from said laser light emitted from sao/d Q-switched 

4 mode-locked pulse laser and time to start slicina.said multi-laser 

5 pulses to obtain a first pulse are able to be/set in an arbitrary 

6 manner. 


1 w 35. A laser-based pattern /repair apparatus comprising: 


2 a Q-switched mode-locke^pulse laser to emit laser light 

3 to be applied for repair processing. 


/ 

1 36. The laser-k^ased pattern repair apparatus according 

2 to Claim 35, wherein ^aid Q-switched mode-locked pulse laser is 

3 made up of a laser r.esonator having a semiconductor laser pumping 

/ 

4 unit or a lamp pumping unit, a laser medium including any one of 

5 a Nd : YLF laser/ Nd : YAG laser and Ndrglass laser, an ultrasonic 

y 

6 Q-switching element to produce Q-switched pulses , an ultrasonic 

../ 

7 mode-locker to produce mode-locked pulses, and etalon plates used 

8 to select a longitudinal mode of said laser resonator. 


1 37. The laser-based pattern repair apparatus according 

2 to^Claim 36, wherein said laser resonator is provided therein with 

3 a/plurality of etalon plates each having a different thickness 

/ 

4 /and a remote controller for operating said etalon plates, whereby 


5/ said etalon plates each having said different thickness are 
6 changeably inserted into said laser resonator and disposed on a 
/ 7 optical axis thereof. 

38. The laser-based pattern repair apparatus according 
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2 to Claim 37, wherein a variable range of a pulse width/of laser 

3 light that is able to be obtained by switching for inserting said 

4 etalon plates is 10 picoseconds to 300 picoseoonds. 



1 39. A laser-based pattern repair/apparatus comprising: 

2 a Q-switched mode-locked pulseylaser ; 

3 an optical modulator to slice a single laser pulse or 

4 multi -laser pulses from a string of pulses contained in laser light 

5 emitted from said Q-switched/mode-locked pulse laser; and 

;3 6 wherein laser light emitted^from said optical modulator is used 

ij 7 as laser light to be applied for repair processing. 

.-3. •/' 

/ 

fpj 1 40. The laser-based pattern repair apparatus according 

^ 2 to Claim 39, wherein said Q-switched mode-locked pulse laser is 
3 made up of a laser resonator having a semiconductor laser pumping 

l Z 4 unit or a lamp' pumping unit, a laser medium including any one of 

/' 

!"f 5 a Nd : YLF laser, Nd : YAG laser and Nd: glass laser, an ultrasonic 

6 Q-switching element to produce Q-switched pulses, an ultrasonic 

7 mode-locker to produce mode-locked pulses, and etalon plates used 

8 to select a longitudinal mode of said laser resonator. 

/ 
/ 

1 / 41. The laser-based pattern repair apparatus according 

/ 

2 ifo Claim 40, wherein said laser resonator is provided therein with 

/? 

3 //a plurality of etalon plates each having a different thickness 
4 7 and a remote controller for operating said etalon plates, whereby 

; 5 said etalon plates each having said different thickness are 

/' 

6 changeably inserted into said laser resonator and disposed on a 

// 

/ 7 optical axis thereof. 
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1 42. The laser-based pattern repair apparatus according 

2 to Claim 41, wherein a variable range of a pulse width of laser 

3 light that is able to be obtained by switching f oil inserting said 

4 etalon plates is 10 picoseconds to 300 picoseconds. 


1 43. The laser-based pattern repair apparatus according 


2 to Claim 39, wherein, when said multi/laser pulses are sliced by 

3 said optical modulator from las^r light emitted from said 

4 Q-switchedmode-locked pulse las^e^, the number of said multi-laser 
3 5 pulses to be sliced and time.to start slicing a first pulse are 
n 6 able to be arbitrarily set and to be operated by remote control. 

I / 

R 1 4 4. A laser-based pattern repair apparatus comprising: 

2 a Q-switched mode-locked pulse laser; 

;i 3 an optical modulator to slice a single laser pulse or 

™ 4 multi-laser pulses from a string of pulses contained in laser light 

aal 5 emitted from said Q-switched mode-locked pulse laser; 

/ 

6 an optical amplifier to directly amplify laser light having 

7 said slice'^single laser pulse or said sliced multi-laser pulses 

8 emitted/from said optical modulator; and 

9 ^wherein laser light emitted from said optical amplifier is 

10 used / as laser light to be applied for repair processing. 

/ 

/ 

1 / 45. The laser-based pattern repair apparatus according 

2/ to Claim 44, wherein said Q-switched mode-locked pulse laser is 

3 made up of a laser resonator having a semiconductor laser pumping 
/ 4 unit or a lamp pumping unit, a laser medium including any one of 

/5a Nd : YLF laser, Nd : YAG laser and Ndrglass laser, an ultrasonic 
6 Q-switching element to produce Q-switched pulses, an ultrasonic 
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7 mode-locker to produce mode-locked pulses, and etalon places used 

8 to select a longitudinal mode of said laser resonator. 

1 46, The laser-based pattern repair apparatus according 

2 to Claim 45, wherein said laser resonator i^provided therein with 

3 a plurality of etalon plates each having a different thickness 

4 and a remote controller for operating s'aid etalon plates, whereby 

5 said etalon plates each having s'aid different thickness are 

6 changeably inserted into said l y aser resonator and disposed on a 

7 optical axis thereof. 

1 47. The laser-ba 7 sed pattern repair apparatus according 

2 to Claim 46, wherein a^ariable range of a pulse width of laser 

/ 

3 light that is able^o be obtained by switching for inserting said 

4 etalon plates is/10 picoseconds to 300 picoseconds. 


1 48. The laser-based pattern repair apparatus according 

2 to Claim 4^/wherein, when said multi-laser pulses are sliced by 

3 said optical modulator from laser light emitted from said 

4 Q-switched mode -locked pulse laser, the number of said mult i -laser 

5 pulses^ to be sliced and time to start slicing a first pulse are 

6 able' to be arbitrarily set and to be operated by remote control. 

/ 

1 / ^49. A laser-based pattern repair apparatus comprising: 

2 / a Q-switched mode-locked pulse laser; 

3 an optical modulator to slice a single laser pulse or 
/ 4 multi-laser pulses from a string of pulses contained in laser light 


/ 

/ 5 emitted from said Q-switched mode-locked pulse laser; 
f 6 a laser pulse multiplexing and delaying unit to multiplex 
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7 one amplified laser light having a first laser pulse obtained by 

8 splitting said single laser pulse or said multi-lasep / pulses and 

9 an other amplified laser light having a second laser/pulse obtained 


10 by splitting said single laser pulse or said^multi-laser pulses 

11 and by providing time delay to said second/laser pulse into one 

12 laser light; and 

13 wherein laser light emitted/ from said laser pulse 

14 multiplexing and delaying unit is u^ed as laser light to be applied 

15 for repair processing. 



1 50. The laser-based pattern repair apparatus according 

2 to Claim 49, wherein said Q-switched mode-locked pulse laser is 

3 made up of a laser resonator having a semiconductor laser pumping 

4 unit or a lamp pumping unit, a laser medium including any one of 

5 a Nd : YLF laser, Nd:YAG laser and Ndiglass laser, an ultrasonic 

6 Q-switching element to produce Q-switched pulses, an ultrasonic 

7 mode-locker te'o produce mode-locked pulses, and etalon plates used 

8 to select A longitudinal mode of said laser resonator. 

/ 

/ 

1 bl. The laser-based pattern repair apparatus according 

2 to Claim 50, wherein said laser resonator is provided therein with 

/ 

3 a^plurality of etalon plates each having a different thickness 

4 ^nd a remote controller for operating said etalon plates, whereby 

5 / said etalon plates each having said different thickness are 

/ 

6 changeably inserted into said laser resonator and disposed on a 
/ 7 optical axis thereof. 


1 52. The laser-based pattern repair apparatus according 

2 to Claim 51, wherein a variable range of a pulse width of laser 
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3 light that is able to be obtained by switching for inserting said 

4 etalon plates is 10 picoseconds to 300 picoseconds, 

1 53. The laser-based pattern repair apparatus according 

2 to Claim 49, wherein, when said multi-laser pulses are sliced by 

3 said optical modulator from laser light emitted from said 

4 Q-switchedmode-locked pulse laser, the number of said multi-laser 

5 pulses to be sliced and time to stcfrt slicing a first pulse are 

6 able to be arbitrarily set and.to^be operated by remote control. 


1 54. The laser-bashed pattern repair apparatus according 

2 to Claim 49, wherein said laser pulse multiplexing and delaying 


3 unit is able to change said delay time within a range of 0.1 

// 

4 nanoseconds to 10 .nanoseconds and said change of said delay time 


5 is able to be implemented by remote control. 



1 55. y 7 The laser-based pattern repair apparatus according 

2 to Claim 4^, wherein an intensity of a peak power of said first 

3 laser pulse and said second laser pulse to be multiplexed and delayed 

4 by sai/laser pulse multiplexing and delaying unit is able to be 

5 controlled and calibrated by remote control. 

/ 

/ _ 

1 / 56. A laser-based pattern repair apparatus comprising: 

2 / a Q-switched mode-locked pulse laser; 

; /3 an optical modulator to slice a single laser pulse or 

/ 4 multi-laser pulses from a string of pulses contained in laser light 

/ 5 emitted from said Q-switched mode-locked pulse laser; 

^6 a laser pulse multiplexing and delaying unit to multiplex 

7 one amplified laser light having a first laser pulse obtained by 


8 splitting said single laser pulse or said multi-laser^pulses and 

9 an other amplified laser light having a second laser pulse obtained 

/ 

10 by splitting said single laser pulse or said multi-laser pulses 

11 and by providing time delay to said second laser pulse into one 

/ 

12 laser light; / 

13 an optical amplifier to directly/amplify said multiplexed 

14 laser light; and / 

15 wherein laser light emitted^from said optical amplifier is 

16 used as laser light to be applied for repair processing. 


1 57. The laser-bas'ed pattern repair apparatus according 

2 to Claim 56, wherein said Q-switched mode-locked pulse laser is 

3 made up of a laser resonator having a semiconductor laser pumping 

/ 

4 unit or a lamp pumping unit, a laser medium including any one of 

5 a Nd : YLF laser y/Nd : YAG laser and Ndiglass laser, an ultrasonic 

6 Q-switching element to produce Q-switched pulses, an ultrasonic 

7 mode-locker/^to produce mode-locked pulses, and etalon plates used 

/ 

8 to select/a longitudinal mode of said laser resonator. 


1 /58. The laser-based pattern repair apparatus according 


2 to Claim 57, wherein said laser resonator is provided therein with 

/ 

3 a plurality of etalon plates each having a different thickness 

4 a'nd a remote controller for operating said etalon plates, whereby 

5 / said etalon plates each having said different thickness are 

6 changeably inserted into said laser resonator and disposed on a 

/ 

/ 1 optical axis thereof. 


/ 


^ 1 59. The laser-based pattern repair apparatus according 

2 to Claim 58, wherein a variable range of a pulse width of laser 
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3 light that is able to be obtained by switching for inserting said 

4 etalon plates is 10 picoseconds to 300 picoseconds 


1 60. The laser-based pattern repair^apparatus according 

2 to Claim 56, wherein, when said multi-lase'r pulses are sliced by 

/ 

3 said optical modulator from laser light emitted from said 

/ 

4 Q-switchedmode-lockedpulse laser, t ; lie number of said multi-laser 


5 pulses to be sliced and time to s,tart slicing a first pulse are 

6 able to be arbitrarily set anditfo be operated by remote control. 


1 61. The laser-based pattern repair apparatus according 


~ 2 to Claim 56, wherein said laser pulse multiplexing and delaying 

% / 

3 unit is able to chan'ge said delay time within a range of 0.1 

% / 

4 nanoseconds to 10 nanoseconds and said change of said delay time 

l,J 5 is able to be implemented by remote control. 

I / 

O l 62. ^/ The laser-based pattern repair apparatus according 

2 to Claim 5fi, wherein an intensity of a peak power of said first 

3 laser pulse and said second laser pulse to be multiplexed and delayed 

/ 

4 by sai,cl laser pulse multiplexing and delaying unit is able to be 

5 controlled and calibrated by remote control. 

/ 

1 / ~63. A laser-based pattern repair apparatus comprising: 

2 / a Q-switched mode-locked pulse laser; 

3 an optical modulator to slice a single laser pulse or 
/ 4 multi-laser pulses from a string of pulses contained in laser light 

/ 5 emitted from said Q-switched mode-locked pulse laser; 

/ 6 a wavelength converting unit to convert a wavelength of laser 

7 light having said sliced single pulse or said sliced multi-laser 
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8 pulses to produce harmonic light; and S 

9 wherein laser light emitted from said wavelength cowerting 
10 unit is used as laser light to be applied for repair/processing . 

1 64. The laser-based pattern repair apparatus according 

/ 

2 to Claim 63, wherein said Q-switched modeylocked pulse laser is 

/ 

3 made up of a laser resonator having a semiconductor laser pumping 

4 unit or a lamp pumping unit, a laser medium including any one of 

5 a NdrYLF laser, Nd : YAG laser and^Ndrglass laser, an ultrasonic 

6 Q-switching element to produce /Q-switched pulses, an ultrasonic 

7 mode-locker to produce mode-l^ocked pulses, and etalon plates used 

8 to select a longitudinal/mode of said laser resonator. 

/ 

/ 

1 65. The lase'r-based pattern repair apparatus according 

2 to Claim 64, whereirfsaid laser resonator is provided therein with 

3 a plurality of .etalon plates each having a different thickness 

4 and a remote controller for operating said etalon plates, whereby 

5 said etalqn plates each having said different thickness are 

6 changeabl^ inserted into said laser resonator and disposed on a 

/ 

1 optical^ axis thereof. 

/ 

1 f 66. The laser-based pattern repair apparatus according 

2 t'o Claim 65, wherein a variable range of a pulse width of laser 

3 ^ light that is able to be obtained by switching for inserting said 

4' etalon plates is 10 picoseconds to 300 picoseconds. 

/ 

^ 1 67. The laser-based pattern repair apparatus according 

2 to Claim 63, wherein, when said multi-laser pulses are sliced by 

3 said optical modulator from laser light emitted from said 

4 


Q- switched mode -locked pulse laser, the number of said multi -User 
pulses to be sliced and time to start slicing a first pulse are 
able to be arbitrarily set and to be operated by remote control. 


68. The laser-based pattern repair apparatus according 

/ 

to Claim 63, wherein said wavelength convertings-unit is a wavelength 

/ 

converting element using a nonlinear optical crystal to emit a 

/ 

third harmonic, fourth harmonic, and fifth harmonic each having 

/ 

a wavelength of not more than 3 60 nm\ 

/ 

/ 

c69. A laser-based pattern repair apparatus comprising: 
a Q-switched mode-locke / d pulse laser; 

an optical modulator 7 to slice a single laser pulse or 

4 
^ 

multi-laser pulses from airing of pulses contained in laser light 
emitted from said Q-switched mode-locked pulse laser; 

a laser pulse multiplexing and delaying unit to multiplex 
one laser light having a first laser pulse obtained by splitting 
said single laser pulse or said multi-laser pulses and an other 
laser light having a second laser pulse obtained by splitting said 
single laser pulse or said multi-laser pulses and by providing 
time delay to said second laser pulse into one laser light; 

a.wavelength converting unit to convert a wavelength of said 
multiplexed laser light to produce harmonic light; and 

/ wherein laser light emitted from said wavelength converting 
unit is used as laser light to be applied for repair processing. 


70. The laser-based pattern repair apparatus according 
to Claim 69, wherein said Q-switched mode-locked pulse laser is 
made up of a laser resonator having a semiconductor laser pumping 
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4 unit or a lamp pumping unit, a laser medium including an/one of 

5 a Nd : YLF laser, NdrYAG laser and Ndrglass laser, an/ultrasonic 

6 Q-switching element to produce Q-switched pulses/ an ultrasonic 

7 mode-locker to produce mode-locked pulses, and.etalon plates used 

8 to select a longitudinal mode of said^ resonator. 

1 71. The laser-based pattern repair apparatus according 

2 to Claim 70, wherein said laser resonator is provided therein with 

3 a plurality of etalon plates each having a different thickness 

4 and a remote controller for operating said etalon plates, whereby 

5 said etalon plates each^liaving said different thickness are 

6 changeably inserted into said laser resonator and disposed on a 

7 optical axis thereof,/ 

/ 

1 72. The^laser-based pattern repair apparatus according 

2 to Claim 71, ^herein a variable range of a pulse width of laser 

3 light that is able to be obtained by switching for inserting said 

/ 

4 etalon plates is 10 picoseconds to 300 picoseconds. 

/ 

/ 

1 /73. The laser-based pattern repair apparatus according 

/ 

2 to Claim 69, wherein, when said multi-laser pulses are sliced by 

3 said optical modulator from laser light emitted from said 

4 /Q-switched mode-locked pulse laser, the number of said multi-laser 
5/ pulses to be sliced and time to start slicing a first pulse are 
'6 able to be arbitrarily set and to be operated by remote control. 


1 
2 
3 


74. The laser-based pattern repair apparatus according 
to Claim 69, wherein said laser pulse multiplexing and delaying 
unit is able to change said delay time within a range of 0.1 
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4 nanoseconds to 10 nanoseconds and said change of said dela'y time 

5 is able to be implemented by remote control. 

1 75. The laser-based pattern repair apparatus according 

2 to Claim 69, wherein an intensity of a peak^power of said first 

3 laser pulse andsaid second laser pulse tobe multiplexed and delayed 

4 by said laser pulse multiplexing and decaying unit is able to be 

5 controlled and calibrated by remote/control. 

/* 

/ 

/ 

^ / 

1 76. The laser-based pattern repair apparatus according 

2 to Claim 69, wherein said wavelength converting unit is a wavelength 

3 converting element using a nonlinear optical crystal to emit a 

4 third harmonic, fourth harmonic, and fifth harmonic each having 

/ 

5 a wavelength of not more than 360 nm. 

/ 

/ 

/ 

1 "77. A laser-based pattern repair apparatus comprising: 

2 a Q-swit^hed mode-locked pulse laser; 

3 an op^cal modulator to slice a single laser pulse or 

/ 

4 multi-laser pulses from a string of pulses contained in laser light 

5 emitted/f rom said Q-switched mode-locked pulse laser; 

6 /an optical amplifier to directly amplify said laser light 

7 having said sliced single laser pulse or said sliced multi-laser 

8 pulses; 

9 / a wavelength converting unit to convert a wavelength of laser 
10 / light emitted from said optical amplifier to produce harmonic 

ll/ light; and 

/ 

12 wherein laser light emitted from said wavelength converting 

I \2 unit is used as laser light to be applied for repair processing. 


/ 
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78. The laser-based pattern repair apparatus according 
to Claim 77, wherein said Q-switched mode-locked pulse/laser is 
made up of a laser resonator having a semiconductorl.aser pumping 
unit or a lamp pumping unit, a laser medium including any one of 
a Nd : YLF laser, Nd : YAG laser and Nd:glass las'er, an ultrasonic 
Q-switching element to produce Q-switched pulses , an ultrasonic 

mode-locker to produce mode-locked pulses^, and etalon plates used 

/ 

to select a longitudinal mode of said laser resonator. 

/ 


79. The laser-based pattern repair apparatus according 
to Claim 78 , wherein said laser' resonator is provided therein with 
a plurality of etalon plates each having a different thickness 
and a remote controller for operating said etalon plates, whereby 
said etalon plates each having said different thickness are 
changeably inserted/into said laser resonator and disposed on a 

optical axis thereof. 

/ 

/ 

/ 

80. The laser-based pattern repair apparatus according 
to Claim 7^<^wherein a variable range of a pulse width of laser 
light that is able to be obtained by switching for inserting said 
etalon /plates is 10 picoseconds to 300 picoseconds. 


81. The laser-based pattern repair apparatus according 
to Claim 77, wherein, when said multi-laser pulses are sliced by 
said optical modulator from laser light emitted from said 
Q-switchedmode-locked pulse laser, the number of said multi-laser 
pulses to be sliced and time to start slicing a first pulse are 
able to be arbitrarily set and to be operated by remote control. 


• * / 

60 / 

1 82. The laser-based pattern repair apparatus/according 

2 to Claim 77, wherein said wavelength converting unit is 7 a wavelength 

3 converting element using a nonlinear optical crystal to emit a 

4 third harmonic, fourth harmonic, and fifth haxmonic each having 

5 a wavelength of not more than 3 60 nm. / 

1 -83. A laser-based pattern repair apparatus comprising: 

/ 

/ 

2 a Q-switched mode-locked pu'lse laser; 

/ 

3 an optical modulator to/slice a single laser pulse or 

4 multi-laser pulses from a string of pulses contained in laser light 

/ 

/ 

5 emitted from said Q-switched mode-locked pulse laser; 

6 a laser pulse multiplexing and delaying unit to multiplex 

7 one laser light having' a first laser pulse obtained by splitting 

8 said sliced singled/laser pulse or said sliced multi-laser pulses 

9 and an other las'er light having a second laser pulse obtained 

10 by splitting said sliced single laser pulse or said sliced 

11 multi-laser pulses and by providing time delay to said second laser 

12 pulse into/one laser light; 

13 an/optical amplifier to directly amplify said multiplexed 

14 laser light; 

/ 

15 /a wavelength converting unit to convert a wavelength of laser 

16 ligtit emitted from said optical amplifier to produce harmonic 

17 li'ght; and 

18 / wherein laser light emitted from said wavelength converting 

19 / unit is used as laser light to be applied for repair processing. 
/ 

/ 

j\ 84. The laser-based pattern repair apparatus according 

2 to Claim 83, wherein said Q-switched mode-locked pulse laser is 

3 made up of a laser resonator having a semiconductor laser pumping 
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4 unit or a lamp pumping unit, a laser medium including any otfe of 

5 a Nd : YLF laser, Nd : YAG laser and Ndrglass laser, an ultrasonic 

6 Q-switching element to produce Q-switched pulses, an/ultrasonic 

7 mode-locker to produce mode-locked pulses, and etalon plates used 

8 to select a longitudinal mode of said laser resonator. 

1 85. The laser-based pattern repair apparatus according 

2 to Claim 84, wherein said laser resonator is provided therein with 

3 a plurality of etalon plates each^having a different thickness 

4 and a remote controller for operating said etalon plates, whereby 

/ 

5 said etalon plates each having said different thickness are 

/ 

6 changeably inserted into said laser resonator and disposed on a 

7 optical axis thereof. ^ 

/ 

/ 

1 86. The laser-based pattern repair apparatus according 

2 to Claim 85, wherein a variable range of a pulse width of laser 

3 light that is able to be obtained by switching for inserting said 

4 etalon plate?/ is 10 picoseconds to 300 picoseconds. 

1 8~ 1 ^ The laser-based pattern repair apparatus according 

2 to Claim 83, wherein, when said multi-laser pulses are sliced by 

3 said /Optical modulator from laser light emitted from said 

4 Q- switched mode -locked pulse laser, the number of said multi -laser 

5 pu'lses to be sliced and time to start slicing a first pulse are 

If 88. The laser-based pattern repair apparatus according 
/ 

(2 to Claim 83, wherein said laser pulse multiplexing and delaying 

3 unit is able to change said delay time within a range of 0.1 
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nanoseconds to 10 nanoseconds and said change of said delay time 
is able to be implemented by remote control. 



89. The laser-based pattern repair apparatus according 
to Claim 83, wherein an intensity of a peak/power of said first 
laser pulse and said second laser pulse tobe/nultiplexed and delayed 
by said laser pulse multiplexing and^d,e"laying unit is able to be 
controlled and calibrated by remote control. 

/ 

/ 

90. The laser-based pattern repair apparatus according 

/ 

to Claim 83, wherein said wavelength converting unit is a wavelength 


converting element using/a nonlinear optical crystal to emit a 

/ 

third harmonic, fourth' 'harmonic, and fifth harmonic each having 
a wavelength of not/more than 360 nm. 


"91. A laser-based pattern repair apparatus comprising: 
a Q-swi'tched mode-locked pulse laser; 

an optical modulator to slice a single laser pulse or 

multi-la^er pulses from a string of pulses contained in laser light 

emitted from said Q-switched mode-locked pulse laser; 

./ a laser pulse multiplexing, delaying, and amplifying unit 

to/multiplex one laser light having a first laser pulse obtained 
/ 

by splitting said sliced single laser pulse or said sliced 
multi-laser pulses and an other amplified laser light having a 
second laser pulse obtained by splitting said sliced single laser 
pulse or said sliced multi-laser pulses and by providing time delay 
to said second laser pulse into one laser light and, at the same 
time, to directly amplify laser light having said first laser pulse 
by a double pass method in which said laser light is transmitted 
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15 twice through an optical amplifying medium in a reciprocating 

16 manner and to directly amplify laser light having said second laser 

17 pulse by a single pass method in which said laser light retransmit ted 

18 once through said optical amplifying medium; / 

19 a wavelength converting unit to converta/wavelength of laser 

20 light emitted from said laser pulse multiplexing, delaying, and 

21 amplifying unit to produce harmonic ^1/fght; and 

22 wherein laser light emitted fr^om said wavelength converting 

23 unit is used as laser light to be/applied for repair processing. 

/ 

/ 

/ 

1 92. The laser-based pattern repair apparatus according 

2 to Claim 91, wherein sai^T Q-switched mode-locked pulse laser is 

3 made up of a laser resonator having a semiconductor laser pumping 

4 unit or a lamp pumping unit, a laser medium including any one of 

5 a Nd:YLF laser , /Nd : YAG laser and Nd:glass laser, an ultrasonic 

6 Q-switching element to produce Q-switched pulses, an ultrasonic 

7 mode-locker to produce mode-locked pulses, and etalon plates used 

8 to select a longitudinal mode of said laser resonator. 

1 -'93. The laser-based pattern repair apparatus according 

2 to Claim 92, wherein said laser resonator is provided therein with 

3 a plurality of etalon plates each having a different thickness 

4 and a remote controller for operating said etalon plates, whereby 

5 ■ said etalon plates each having said different thickness are 

6 changeably inserted into said laser resonator and disposed on a 

7 optical axis thereof. 

1 94 . The laser-based pattern repair apparatus according 

2 to Claim 93, wherein a variable range of a pulse width of laser 


light that is able to be obtained by switching for inserti 
etalon plates is 10 picoseconds to 300 picoseconds. 


95. The laser-based pattern repair apparatus according 
to Claim 91, wherein, when said multi-laser^ulses are sliced by 
said optical modulator from laser light emitted from said 
Q-switchedmode-lockedpulse laser, th^n'unfoer of said multi-laser 
pulses to be sliced and time to star^t slicing a first pulse are 
able to be arbitrarily set and to/be operated by remote control. 


96. The laser-based/pattern repair apparatus according 
to Claim 91, wherein said l^ser pulse multiplexing, delaying, and 
amplifying unit is abl^/to change said delay time within a range 
of 0.1 nanoseconds to^/10 nanoseconds and said change of said delay 
time is able to ^/implemented by remote control. 

/ 

97. The^ laser-based pattern repair apparatus according 

/ 
/? 

to Claim 91, /.wherein an intensity of a peak power of said first 

/ 

laser pulse 4nd said second laser pulse to be multiplexed and delayed 
by said laser pulse multiplexing and delaying unit ; or multiplexed, 
delayed// and amplified by said laser pulse multiplexing, delaying, 

A 

and amplifying unit is able to be controlled and calibrated by 

remote control. 

/ 

/ 

/ 98. The laser-based pattern repair apparatus according 
* to Claim 91, wherein said wavelength converting unit is a wavelength 
converting element using a nonlinear optical crystal to emit a 
third harmonic, fourth harmonic, and fifth harmonic each having 
a wavelength of not more than 360 nm. 


